DEFINITE PROJ%CT REZPCRT FOR WEST PETERBORO RISERVOIR

MERRINAC:. RIVER BASIN FLCOD COLTROL

1 Project Authority . . . . . . . . .
2,3,& 4 Previous Investigations . . . :
5 Definite Project Plan . . . . . . . .

Descerintion of Structures ., . . . , . .
7 Sstimate of Cost . . . . . . L . . . .
o) Zeonomic Aralrsis . . . . . . L L. ..
9 Local Cooperation . . . . . .
10 Time Required for Constructlon .
11 Recommendatio. . . . . . . . . . .
AFPTELDILES
Letter Title
A Hydrolosy . . . . . . . . . . . . . ..
B Hyaraulics . . . e e e e e e
C Geolngy and S: 11 Data e
D Selection of 3tructures . . . .
K Possibilities for Conservation Stornée
aod Power Development . ., . . . . ,
F Estimate of Cost . . . . . . . . . ..
G Plates (30) v o v v . o . . v .

Corps of Engineers, U. S, Army

U. S. Engincer Office

August 1940

Rovised - December 1940

td
Fg
@

AR AN B =g g W N

Page

. Al - A10
Bl -~ 34

Dl - D3

. Fl - E}
. Fl"’FZ

Boston, Mass.



WAR DEPARTMELT
UZITZD STATES INGISNPER OFTICE
3D FLOOR, PARK SQUART BLIG.
31 ST. JAMTS AVEVUE
303T0:, MA4SS.

August 5, 1940
(Revised - December 14, 1940)

Suoject: Definite Project Report for West Peterboro Reservoir

Tos The Chief of Zngineers, U.S. Army, Through tiae Division
Euglneer, MNorth Atlantic Division, WNew York, ¥.Y.

1. Project Authority.- West Peterborn Reservoir is nroposed
as a unit of the comprehensive plan for flood control rescrvoirs
and related flood control works for the Merrimack River Basin
authorizcd oy the Flood Control Acts approved Junc 22, 1936, and
June 2€, 1938. The Flood Control Act aprroved Junc 28, 1938, pro-
vides that, "The project for flood control in the Morrimeek River
Basin, as authorizod by the Flood Control Act approved Junc 22,
1936, is modificd to provide, in addition to the coustruction of &
system of flocd control rescrvoirs, related flood control works
which may be fourd justified by thc Chief of Zngineers,"

2o Previous Investifations.- The investigations and studies
upon which the avthorized project for the Merrimack River Basin is
based are described in House Document No. 085, 75th Congress, 3d
Session. A comprehensive plen of flood control reservoirs and
related flood control works, at an estimated total cost of
$21,000,000, was recommended in that document and authoriz:=d by
the Fleod Control Act aporoved Jure 28, 1938. Dofinite oroject
renorts have been approved for three flood control reservoirs
undcr the general Merrimack Basin authorization, as follows:

Bstimated Cost

ot Power
Provisions Not
Tstimanted Cost Included in
for Criginal Eoti-
Reservoir Floed Conktrol ~ _ mates Status
Frarklin Falls $ 7,488,000 $ 395,000 Conatruction started
: October 1938,
Blackwnter 1,120,000 180,000 Construction started
June 1940,
Hopkinton- ~ Definite project ap-
: 11,307, - -
_ Bverett 307, 000 L proved March 12,1940,
Total $19, 907,000 =5H75,000
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3. Preliminary definite vroject reports on Mountain Brook
Reservoir and West Peterbors Reservoir were submitted April 25,
1940, as a part of the comnrehensive plan and were approved by
the Chief of Zrgineers on April 30, 1940. A finul definite
project report on the Mountain Brook Reservoir was submitted on
June 1, 1940. This rescrvoir has a drainage area of 14 square
miles ~nd a flood control storage capacity of 4,800 acre-feet,
ot an estimated cost of $370,000.

L. At a hearing held by the New Hampshire Water Resources
Board in Concord on May &, 1340, the Federal Power Commission
prenosed a plan of multiple-purpose development for the Contoocook
River Basin as an slteraate to the Department!s plan. A review
of the Commission's proposal hrs been preprred by the District
Znginecr and was submittod to the Denartment on August 12, 1940,
West Peterboro Rescrveoir, as provosed herein, is common to both
the Federal Power Commission's and the Department's plans. The
status of this definite vroject, therefore, will rot be affected
by any developments resulting from consideration of the Commission's
alternate system.

H« Definite Project Plan.-

a. Location ard Descrintion.- The proposed Test Peter-
boro Reservoir is located in Hillsboro and Cheshire Counties, New
Hampshire. The dam site is about one-half mile upstream from the
village of Wicst Poterboro, T.H., on Jubanusit Brook, a tributary
of the Contoocook River, and about 35 miles soutawest of Concord,
%.E., and €0 miles northvest of Bostor, liass. (Sce Plates 1 and 2.)
With spillway crcst at Slev. 945, the reservoir will have an area
of 9C0 acres, consisting of about 60 percent of wooded arsa, 17
percent in pasture and meadow, and 23 percent tillable lsnd. The
area affected iz sparsely populated, involving fewer then 50
persous, There arc no railroads in the arca, and oanly 1.5 miles of
highwnys and a small amount cf vower ~nd telephone lire relocation
will berecessary.

b. Reservoir Capacity.- The reservoir is designed to
control a flood of about 100~-ycar frequency and similar in magnitude
and manner of occurrence to the March 1934 flood, the maximum of
reccord., The flood control storaze capacity of 16,000 acre-feet at
spillway crest Zlove 945 is equivalent to 6.8 inches of rua-off
over the Uli-cquere-mile drainage area. The corrcsponding outlet
dosign discharge is 950 c.f.s. withthe pool at spillway lip eleve-
tion. It is planncd to obtain this discharge through a sirgle
outlet controlled by two gntcs. With one gnte open the desired
decign discharge is attaired. For omptying purposes, both gates
will be opened, pormitting 2 maximum discharge of 1,000 c.f.s.,
vhich is about the limit of capacity of the channel downstream.
Under this plan, 90 percent of the capacity of the rescrvoir can dbe
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eptied in 13 days. Details of the hydrology and hydraulic fac-
tors involved are given in Appendixes A snd B,

c. Conservatior Storsge and Power Develorment Possibili-
tieg.~ The proyosed West Peterboro Reservoir site is favorably
adapted to greater storage capacity than roquired for flood control
alore. The optimum economic additional capacity is about 33,000
acrc-feet., This ndditional emount could be obtaired by raising
the vronosed initial spillway tventy-tvo fect, The required flood
contrel storaec of 16,000 acro-feet would then be availoole between
elevations 959 snd 968, tho new spillway crest, and the capacity
bolow Elev. §59, 33,000 acre~fcet, would be available as conservation
storege. In addition, a power installation of about 4,000 kw. would
bec fensible. These poscibilities arc described in detail in
Appendix E. The development of the project for combined use is not
desired ot this time, but, since it appears that the mmltiple-~purpose
possibilities arc justified cconomically, it is nlanned to make
provision in th¢ initial construction so that the dam may be raised
and the power installation addced in the future. The estimated cost
of making the reccssary provisions at this time for nossible future
conscrvation and power development is $322;290. 85 cc o

4. Spillway Reauiremonts.- The spillway design flood is
tased on the maximum rainfall rates estimated by the Fydrometeoro-
logical Section of the TU. S. Weatiier Bureau. (See Appendix A.)

The proposed spillway is adequate to pass a flcol with a volume of
18 inches and a peak inflow of £0,000 c.f.s8.(117C c.fes. per sq.mie).
The maximum surcharge ou thc srillway for this flood would be 15.9
feet and the frecvoard from the top of dam, 5.1 feet. Details of

the spillvay rcequiremonts and spillway design arc given in Appendixes
A and B,

h. Desgription of Structurcs.- Taw main retaining section of
the pronosecd dam (sec Plate 3) will consist of a rolled earth-fill
cmbankment nbout 990 fect long with n maximum height of 65 feet and
side slopes ofl on 3 in zenural. The spillway, located on the
right azbutment adjacent to the embankment, will have a crest length
of 100 feet at Tluv. 946. The outlet works, consisting of a single
conduit with a cross-sectional area of 32.3 squarc foet and cone
trolled by two vertical gates, cnch 3'-3" x /A1-0", will be founded
on bedrock of the right abutmert. The structures will be dcsigned
to facilitate raising the dwam 22 feet for possible futurce coanscrva-
tion storage and power develowment and an intake provided for a
9-foot diemeter pinstock. Sufficicat quantitics of suitable imper-
vious and random material for the embankment are available from the
structurc exeavetion. It is planned to divert the river through
the penstock during construction, which will cnable placing
prrctically 11 excavited material directly in the cmbankment. A
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more complete descrirtion of the geology and soil data at the danm
site and the criterin involved in the selection of the structures
is contained in Appendixes C and D.

7« Estimate of Cost.-

Appncndix F):

Construction . .

The estimated first cost of the pro-
posed West Peterboro Rescrvoir is as follows (for details, see

c e e e e e e ... 81,015,000

Lands, rights-of-way, relocations. . __155,00C

Total cstimated first cost . . . . $1,170.00C

&y Economic Analysis.-
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The economic analysis of the pro-
ir for flood control is shown in the
owing tabulation. Analysis of the cconomics of possidle

future developmont for multiple purposes is given in Appendix E.

Cther Rescrveirs

T_
I West Proposed for Total
!Peterboro Comwnrehensive all
oo Item Eecervoir* Dlan* Reservoirsg
Net drainage arca (sq.wi.) Lu 1,573.5 1,617.5
Flood control storsze - ! )
(acre-feet) 17,000 380, 300 395, 800
(inches) 6.8 L.5 4,6
Estimated first cost 1,170,000 $20, 853,000 $22, 023, 000 **

Annual carrying charges
Annual benafits
Ratio of benefits to coste

Cost per acre-foot of
storage

% of Merrimack Besin dam-
ages pravented

2B, 100
$53, 000

1.07

RCAS
-4
‘ot

§
i

: .

!

+98R, 800
$1, 035, 000

1.12

$55

70

$1,019,900
$1,143,000

1.12

$56

T4

*Flood control project with dam designed to rrovide for

future raising,

**Frarklin Falls, Blackvater, Horkirnton=Everctt and Mountain Brook.

***Includes $675,000 for power rrovisions net contemrvlated in the
original estimates on which the $21,000,000 auti.orizatiorn was
bosed (see paragraphs 2 and 5e).
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DEFINITE PROJECT REPORT FOR WZST PETERBORO RESERVOIR

MERRIMACK RIVER BASIY FLOOD CONTROL

APPENDIX A

HYDROLOGY

1. Reference.- Reference is made to Engineer Bulletin R.& H.
Yo. 9, 1938, subject: "Spillway Capacities," which directs, in para-
graph 19, that a hydrology report will be submitted to the Office
of the Chief of Engineers for approval as the first step in the
final design of a project.

2. Project Descrintion.- The West Peterboro dem site is
located on Mubnnusit Brook about 1/2 mile upstream from West Peter-
boro. (Sce Plate 2.) The reservoir has a tributary drainage area
of Y4 square miles, which is 90 percent of the drainage area of
Nubanusit Brook and approximatcly 3o percent of the total drainage
area above Peterboro, N.E. The rcservoir will orovide flood pro-
tection principally for lower Petcerboro, and, to some extert, for
the 32 miles of Contoocook River Valley betwoen Poterboro and
Hopkinton-Everett Reservoir. The flood control storage provided is
16,000 acre-feet, equivaleat to 6.8 inches over the drainage arca.
Area and capncity curves are shown on Plate 9. The reservoir,
designed initially for retarding basin operation, will have a single
flood control outlet. This outlet will be provided with two gates,
one of which will remain open at all times to assure the required
reservoir discharge during floods, while the second will be opened
after the flood to accelerate emptyirg the reservoir, The outlet
design discharge for flood control is 650 c.f.s. with rescrvoir
water surface at spillway crest, The initial plan provides for a
100-foot spillway at Elov. 946,

3. Basin Characteristics.- The watershed of Nubanusit Brook
above the proposed West Poterboro dam site is an elongated basin
with a maximum length of 11 miles and a width of 5 milcs. The long
axis is in a north and south direction (sce Plate 2)., Thc area is
drained by two principal tributaries: first, Nubarusit Brook vhich
rises in the northern portion and flows gcnerally southeasterly, and
second, Stanley Brook which rises in the southern section and flows
northeasterly. These tributaries unite within the proposed reser-
voir arca about one mile above thc proposed dam sitc. Because of
this characteristic of two principal tributaries rising in opposite
cxtremitics of the basin, there is less likelikood of experiencing
as severe a run-off from a concentration of rainfall over the entire
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basin than is possible in a fan-shaped drainage area. The drain-
age areas of the two tributaries are approximately equal. It is
probable that flood flows from both areas will arrive in the
reservoir at about the same time when produced by reasonably
uniform, simultancous rainfall over the entire watershed. The
upvper sections of both tributaries contrin several comparatively
large nnatural lekes. On Nubanusit Brook thesc are: Smnoonwood
Pond, Nubanusit Lak:, Harrisville Pond, and Skatutakee Lake.
Tubanusit Lake, the lergest, has an arca of about 1-1/2 squere
milecs and a storage capncity of about 4,600 acre-foct, amounting
to about 14 inches over its drainage area of 6 square miles. The
water bodies on Stanley Brook arc Thorndike Pond and Frost Pond,
locited in the southern part of its drainace nrea. Most of thesc
lakes have becn increascd somewhat beyond thel r natural size by
the construction of small embankments. Thc additional capacity
ovtaired by these artificinl means, however, is not the major
portion of the capacity of the lakes, and the failure of these
small embankments would noi, therefore, result in tho release of
the entire volume of water in the lakes® Altrough these lakes are
used to somc extent for flow regulation, they arc generally main-
taincd at a maximum lcvel for scenic and rccreational purposes and
carnot be counted on, thersfore, for avpreciable flood control use,

L, The outer margin of the drainage area is at high eleva-
tions, the west border avereging about Tlev, 1800 with a maximum
of 2800, and the east border aversging about FElev, 1100 with a peak
of 2000, Steep slopes orn the margin of the drainage narea are
conducive to rapid run-off, There is soms vallcy storage in the
lower reaches of both tributaries., The profiles of the two princi-
ral tributaries are shomm con Plate 10. A gravh of increments of
drainagec area versus river miles above the proposed dam site is also
given on this plate, This graph indicstes that the largest contribu-
tory areca is located about 8 miles nbove the dem sites It also shows
that about 25 percent of the total drainage areca boeyond the 9-mile
point is above Skatutakce Lake on the ubanusit dbranch and that the
shape and location of this area are such as to minimize its effect
on the peak flow at the dam.

5. Stream Flow Data.- The U, S. Geological Survey msintained
a gaging station on Fubanusit Brook from 1920 to 1931, with a drain-
age nrea of U48.1 square miles. The meximum pezk dischsarge during
this period was 1,130 ¢.f.s., recorded during the Fovember 1927
flood. Peak values determirned dy the U. S. Geological Survey at a
dam near West Peterboro (45,2 square miles) for the 1936 flood. and
the 1938 flood are 4,100 and 4,140 c.f.s., rospectively. Discharge
records for other drainage areas nearby or adjacent were studied for
obtaining run-off chaoracteristics., Records for the following
stations were used in this study. (See Plrte 11.)
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to allow for the wnossible failure of these upstream embankments.



Drainage -
Area Max. Discharge

Basin Name of Stream Station Location sqemi. c.f.s./sq.mi.
Merrimack Contoocook River East Jaffrey 6.1 99
Nubanusit Brook West Peterdboro 5e2 ge
No.Branch Contoo-
cook River Antrim 54.8 85
Warner River Bradford 19.7 120
Souhegan River Greenville 29.9 206
Stony Brook Wilton 3342 174
Connecticut Moss Brook Wendell Depot 12,2 126
So.Branch Ashuelot
River Webd 6.6 163
Otter Brook Keene 1.8 147

€. Precipitation Records.- Precinitation records are availsble
from nearby stations at Greenville, Petervoro, Keene, Fitzwilliam,and
Minnewawa, N¥.H., and Winchendon, Mass., The locations of these sta-
tions are shown on Plate 1l. There are no recording rain gages
nearby, hence data on intensities of precipitation of the desired
accuracy for this small drainage arca could not be obtained. The
moximum intensity of rainfall known in this vieinity is the unofficial
record for September 21, 1938, at Peterboro, MN.He., when 9-1/2 inches
of rainfall in two hours was reportcd.

Selection of Spillway Design Flood

{« Digstribution Values.- An analyvsis of the strcam flow data
available on Mubanusit Brook disclosed no data suitable for deter-
mining distribution values applicable to spillway design floods. The
flood of November 1927 was the largest on which adequate data were
available, but the peak flow of this flood was only 1,130 c.f,s.
Consideration was then given to records avsileble on other New England
streams of about LU square miles drainage area with the object of
obtaining data on the largest flood on streams with physical charac-
teristics conducive to greater flood peak values than Nubamisit Brook.
The best information obtainable was for South Branch Aslmelot River at
Webb (D.A. = 36.6 sq.mi.) and Otter Brook near Keene (D.A. = 41,8 Sqe
mi.). Both areas are in the Connecticut River Basin adjacent to
Yubanusit Brook and have recorded stage hydrographs for the 1938
flood. This flood is the largest summer flood of record in this area,
comparable in peak value to the 1936 flood. Analysis of the September
1938 flood at these stations is summarized below.

..A}-.
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Ave,Rate Max. |[Time

Drain-|Peak Volume |Rain- [of Infil-| % of
age of C.F.S.| of fall | tration | Dis- | Lag
Stream Area [Flood | Per |Run-off in Inchee itribu-! in

Sq.Mi.|C.F.S. Sq.Mi. {Inches ]Inches|Per Hour tion |Hours

So.Br.Ashuelot

River | 36.6 | 5960 | 163 6.00 [10.85 0.15 19.6 5

o

Otter Brook 41.8 | 6130 147 6.04 [10.85 0,10 17.3

Plate 12 shows the recorded hydrograph and rainfall values with the
reconstituted hydrograph for the South Branch Ashielot River, and
Plate 13 gives corresponding data for Otter Brook. The computed
distribution graphs at these two stations, given on Plate 14, show
a close similarity. An analysis was also made of the November 1927
flood at these two stations, Because of the lower peak value and
rainfall intensity of the 1927 flood, the variations resulting from
the derivation of 3~hour rainfall values from 2ld—-hour observations
made it impossible to define distribution values comparable to those
obtained from the 1938 flood. Studics of distribution values for

rt time increments showed it was most
essentia)] to have accurate rainfall intensity data, because small
changes in the timc distribution result in material changes in the

distribution values.,

. .
nae wit+th ahan
small drainage areas with sho

8. The South Branch Ashuelot River and Mubanusit Brook are
both two-branch streams with similar profile slopes and general
physical characteristics. Comparing areal distribution in relation
to the point of outflow on the curve, Increments of Drainage Area
vs. River Miles (Plate 10), it will be noted that the maximum con-
centration of area in both streams lies about at mile 8, The shape
of the South Branch Ashuelot River curve definitely shows this
strecam to be conducive to higher flood peak valucs considering only
the arcal distribution to mile 9.5. Inspection of the stremm pattern
shows, for the main stream above Troy, a marked fan shape, productive
of extreme concentration of flow for at least one-third of the drain-
age area; also, valley storage is negligible and much less than
available on NMubanusit Brook. Furthermore, the areal distribution on
Mubanusit Breok beyond mile 9.5, amounting to about 25 percent of
the total area, is such as to minimize its contribution to peak flows,
Applying the distridbution values obtained on the 36.6 square miles of
drainage area of the South Branch Ashuelot River to the 44 square
miles of drainage area of Mubanusit Brook is conservative for floods
of the 1938 magnitude. This is also true, to a somewhat lesser
extent, of the Otter Brook distribution values.
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9. Application of these distribution values, based, in the
case of the South Branch Ashuelot River, on a peak flow of 163
c.f.8, per square mile, to a run-off of spillway design magnitude
is subject to question., It was therefore decided to increase the
19.6 percent maximum distribution value obtained from the South
Branch Ashuelot River to 25 percent, an increase of about 28 per-
cent, adjusting the distribution groph accordingly. This valuc
was in line with those obtained by application of Snyder'!s method
to both the South Branch Ashuelot River and Nubanusit Brook, although
the latter stream, because of the location of its two principal
tributaries, required break~-down into two separate areas. After
consideration of all factors discussed above, the distribution graph
shown on Plate 14 was sclected for the spillway design for West
Peterboro Dam. The 3=hour unit hydrograph based on these adopted
distribution values is shown on Plate 15. This hydrograph has a
peak of 2,500 c.f.esey Or 57 c.f.s8., pcr square milc for a one-inch
run~off in 3% hours,

10. Maximum Storm.~ Studies were made of both the summer-
fall and winter-spring limiting storm conditions. The high intensity
summer-fall rainfall values shown in Plate 10 proved the more severe
criteria for spillway design. This intensity curve is based on
limiting precipitation values determined by the Hydro-Meteorological
Section of the U. S. Weather Bureau and has been used to obtain sa=-
tisfactory precipitation data for the hydrology analysis of Blackwater
Reservoir and the proposed Hopkinton-Everett Reservoir. The values
used for the proposed West Peterboro Reservoir wcre substantiated
by a recent report on the M"Maximum Possible Precipitation over the
Cmpompanoosuc Basin above Union Village, Vermont," prepared by the
Hydro-Meteorological Section of the Weathar Bureau (March 18, 1940).
On Plate 17, which is a reproduction of "Enveloping Duration-Depth
Curvaes of Maximum Possible Rainfall over Selected Basins in the New
England Region," as contained in that report, is shown the duration~
depth curve used for West Peterboro Reservoir, with values taken
from Plate 16 up to 24 hours and with the 30-hour value made
comparable to the similar values on Plate 17. The duration~depth
curve uscd for Mountain Brook Rescrvoir (D.A. = 14 square miles) is
also illustrated. (Definite Project Report for Mountain Brook Res-
ervoir, submitted June 1, 1940.) The data concerning the winter
storm with snow run-off conditions, as discussed in this Wcather
Bureau report, were utilized to cxtrapolate run~off values for the
spillway design floods The spillway requirements were practically
identical with those for the summer flood, but because of the
extrapolations required in the winter run-off, the summer flood was
acceptod as the more reasonable one., Computations and results of
these two floods are outlined in the following paragraph.
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11. Computed Spillway Flood.- Spillway floods were computed,
using distribution values shown on Plate 15, for both summer-~fall
and winter-spring precipitation conditions. An infiltration rate
of 0.05 inch per hour and base flow of 5 c.f.s. per square mile
were used., The assumed minimum infiltration rate of 0,05 inch per
hour, or 0,15 inch per 3-hour period was based on the smallest rate
determined from analyzing floods of record for unit hydrographs in
this aren. The computations for the summer-fall flood are tabu-
lated on Plate 18. The hydrograph and pluviagravh are shown on
Plate 19, The winter=spring flood was bascd on an extrapolation of
date summparized on Table VII and Figure Yl of the roport on the
Oupompanoosuc Basin., These references tabulate and show graphically
the arca~depth relation of maximum possidle rainfall plus snow melt
over selected basins in the New England region, The hydrograph and
pluviograph for the winter-spring flood are shown on Plate 20.

12, Reservoir Operation Assumptions.~ It is assumed that thoe
reservoir will be filled to normal maximum pool clevation of 946
fect M.S.L., the crest of the spillway, at the beginning of the
spillway design flood. The outlets are assumed to be inoperative.

13, Spillway Ratine Curve.~ The spillway rating curve (Plate
23) was computed ?gr a frce overfall Ogee spillway using the weir

formla Q = CL , where "L" = 100 fcet and values of "C" of an
Ogee section were taken from 3.0 to 3.8 for the maximum head.

14, Method of Routins.- The unit graph used applies to reser-
voir inflow, consequently the spillway tloods were routed through
the reservoir using the gross surcharge storage.

15, Effect of Computed Spillway Floods.- The two computed
spillway floods, based on summer-fall and winter-spring conditions,
were routed throush the reservoir to obtain reservoir discharge and
the maximum water surface elevation. Although the peak inflow of
the summer flood was 33,200 c.f.s. comparcd with 26,000 c,f.s. for
the winter storm, the peak outflows werce almost identical: 19,200
Cefese for the summer flood and 19,000 c.f.s. for the winter flood.
This discharge similarity is caused by the different volume
distribution in the two floods; the summer storm having a short
period of intense rainfall producing the high peak inflow, with the
winter storm having greater volume but with less intensity. The data
portaining to these two computed spillway floods are surmarized as
follows:
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Computed Computed

Summer-Fall Winter-Soring

____Flood Flood
Duration of storm, hours . . . . . . . 2L 30
Rainfall, inches . o + ¢ ¢« « & + « o« . 19.20 12.60
" Snow melt, inches. . . . . . . . . . . none 10,80
Total, inches . « + v &« v ¢ o o« « . & 19,20 23.40
Rate of infiltration (inches per hour) 0.05 0.05
Rur~off, inches . . . . . . . . . . . 18,0 21.90
Volume, acre~feet . o . v v « v .o . . 42,200 51,400
Volume, acre-feet (including base flow) 43,620 52, 900
Peak inflew, CoefesSe v o v v o v v o 33,200 26,000
Peak outflow, CoefeSe v « v o ¢ ¢« « « & 19,200 19,000
Maximum pool elevation, M.S.L. . . . . 959.7 959.5
Surcharge storage, inches . . . . . . 7.5 7.5
Freeboerd, fest. o« o o . . . . . 5.3 5.4

The inflow ordinates of the computed spillway floods were ther in-
crecased 25, 50, and 80 percent and similerly routed through the
reservoir. The data derived from the threoe routings of the summer-
fall flood are shown graphically on Plate 21, whore the percent of
the computed snillvay flood is plott«d, (a) against the pool
elevation in feet above menn sea level, and () against peak inflow
and outflow.

16, Possible Variation in Shape and Peak of Computed Snillway
Flood.~ Of all factors entering into the selection of the spillway
design flood, the most uncertain are the shave and peak of the
hydrograph. These depend on distribution values selected from actual
flood experiences which are generally much lsss severe than the
spillway desigu floods finally selected. In order to ascertain the
change in maximum water surface elevation that would result from
variation in the shape and peak of the computed spillway flood
hydrograph of constant volume, the following analysis was made.*

17. A unit graph derived from floods of record is avpplicable
only to rates of rainfall compnarable to thoso used in its derivation,
In the cace of the basc unit graph used in this report, the maximum
precivitation veluc for & 3-hour period in the 1938 flood, from
which it was derived, was 1.9 inches; hence, in the computed spillway
flood tne two maximun rainfall periods of 9.5 cnd 3.0 inrches may be

- A7 -
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considered as excessive for the use of the unit graph. A hydro-
graph, hereafter referred to as the "Basic Hydrograph', was first
constructed from the base unit graph using all the 3-hour periods
of rainfall except the 9.5 and 3.0-inch periods. (See Plate 22.)
hen the unit graph was applied to 2ll periods of rainfall to
obtain hydrograph "A", which corresponds to the computed spillway
flood for summer-fall conditions as described in paragraph 11.
Three variations of this flood were then obtained by increasing
the peak of the unit graph as shown in the following table. Hydro-
graph "B" was obtained by increasing the peak of the unit graph by
32 percent and shortening the time of lag by approximately one hour
and applying this revised unit graph to the two maximum 3-hour
rainfall values. This partial hydrograph was then added to the
"Basic Hydrograph" in the correct time relationship resulting in
hydrograph "B". The peak of this flood was 38,200 c.f.s., or 1§
percent in excess of the computed sovillway flood (hydrograph "A'),
Similarly, hydrographs "C" and "D" were comouted by further peaking
up the base unit graph and applying it to the two maximum periods
of rainfall. These three additional hydrographs ("B", "C", and
"D") were routed through the reservoir to determine the outflow
peak and the maximum water surface elevation. The data obtained
from these routings are tabulated in the following table and are
shown graphically on Plates 21 and 22.

Hydrographs:

Item A B 0 D
Volume of run-off, inches 18.0 18.0 18.0 18.0
% Increase, unit graph peak 100 132 168 200
Inflow peak, c.f.s. 33,200 38,200 44, 000 50,000
¢.F.S. per square mile 755 g69 1,000 1,138
% of basic inflow peak 100 115 132 151
Outflow peak, c.f.s. 19,200 20,500 21,300 21,750
% of basic outflow peak 100 107 112 114
Max. water surface elevation 955.7 960.3 560.7 960.9

138. Discussion of the Factors Iavolved in the Selection of
the Spillway Design Flood.- a. The maximum rainfall values used
were adjusted to conform to the latest data available in New
England as compiled by the U. S. Weather Burcau in the report on
"The Maximum Possible Precipitation over the Ompompanoosuc River
Sasin above Union Village, Vermont," dated March 18, 1940. The
peint rainfall values used as shown on Plate 16 equal or exceed
. for all intensities the values given in Figure 24 of the Ompompanoosuc
report for maximum recorded rainfall in the United States. Likewise,
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the values used for 100 square miles equal similar values given
in the Ompompanocosuc report for whichmellability factors were
applied to obtain maximum possible rainfall, Accordingly, a fac-
tor of safety for increasing these values does not appear
justified. Interpolation for the Ul-gguars-mile drainage area of
Nubanusit Brook between the point and 100-square-mile values is
believed to be conservative. Therefore, no factor of safety is
considered necessary to increase the rainfall values used in the
computed snillway flood.

b. The possibility of the adopted maximum rainfall
values being greatly exceeded on this small drainaze area is con-
sidered too remote to justify a factor of safety as discussed in
a. above. The effect of areal distribution on increasing the
flood peak value used for Nubanusit Brook is also believed
negligible, due to the shape and distribution of the drainage area.
It would be impossible for a small areal concentration of rainfall
to cover the steep headwater arecas of both major tributaries lying
at opposite ends of the basin. 3Basing the distribution values on
those of South Branch Ashuelot River minimizes the possibility of
higher flood peaks from a more critical distribution of rainfall
than the average distribution used. No factor of safety is
considered necessary for thesc items.

c. The average infiltration rate of 0,05 inch ner hour,
or 0.15 inch per 3-hour period, is low enough to eliminate the
nced of a factor of safety for the assumed run-off conditions.

d. The unit graph and distribution values selected for
the conputed Splleay flood, as shown on Plate 15, give a peak
value of 2,500 c.f.s., or 57 c.f.s. per square mile for one inch
of run-off in 3 hours. A comparison of these values with similar
data in the Office, Chief of Engineers for other drainage basins
of comparable size indicated that the peak of the unit hydrograph
might well be increased to 80 or 90 c.f.s. per square mile ag a
factor of safety to allow for the possibilities of error in extra-
polating the values from small known floods to a flood of spillway
design magnitude.

e. The spillway is a free overfall Ogee concrete weir,
the capacity of which can be accurantely determined. No factor of
safety is required on this accouat.

f. The theoretical freeboard required for West Peter-
boro Reservoir, based on the criteria outlined in Engineer Bulletin
R. & H. No. 9, 1938, is 4.2 feet. The minimum freeboard of 5 feet
was adonted, therefore, for the requlrements for wave action. The
storage capncity afforded at the range of stage represented by
this freeboard amounts to 8,800 acre~feet, or n~bout 3.7 inches over
the drainage areca contrelled. In addition, on recommendation of the
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Office, Chief of Engineers, an allowance of about one foot increase
in the maximum water surface will be made to allow for the possi-
bility of failure of small embankments upstream from the proposed
West Peterboro Reservoir (see paragraph 3). The storage available
in this 2dditional one-foot allowance amounts to 2,000 acre-feet,
or about 0.9 inch over the drainage arca controlled. These amounts
of storage above the maximum computcd water surface and top of the
dam are apvreciable with respect to the total volume of the snill-
way tesign flood, and no further sllowance is considered necessary
as a factor of safety for this item.

19. Selected Svillway Design Flood.- After analysis of the
foregoing factors, it was originally considered that the computed
snillway flood as shown on Plate 19 would be adequate for 2 spill-
way cesign flood for this reservoir. At the request of the Office,
Chief of Engineers, however, further consideration was given to the
use of a higher peaked unit hydrograph. After such further con-
sideration, a unit hydrograph was adopted with 2 pcak 100 percent
greater than that of the unit graph originally derived. This re-
sulted in a spillway design flood equivalent to hydrograph "D" on
Plate 22, The adopted unit hydrograph and the inflow-outflow stage
hydrographs for the spillway design flood are shown on Plates 29 and
30. The adopted spillway design flood has a peak inflow of 50,000
cubic feet per second, equivalent to 1,138 c¢.f.s. per square mile
of drainage area controlled, and a volume of 18 inches. The maximum
water surface resulting from this flood has been computed to be Elev.
950.9. An additionnal allowance of onec foot in the possible maximum
water surface has been made to allow for the ypossibility of failure of
upstrean embankments. The tov of dam has been placed, therefore, at
Elev, 967, thus providing o freeboard of 5.1 feet.

20. ZRescervoir Design Flood.- The reservoir design flood for
the West Peterboro Reservoir was based on the same criteria used for
other reserveirs in thisg district. The storage capacity and the out-
let size were selected to control a flood with apnroximately 100-year
frequency, without spillway discharge. On this basis it was found
that a storage caprcity of 16,000 acre~fest would ve sufficient to
store the entire 100-year flood with a maximum outlet discharge (at
spillway lin 3lev. 9U46) of 650 c.f.s. 4s a further criterion for
reservoir design it was considercd desirable to test the adequacy
of the selected storage volume and Jesign outlet disclr rge for the
maximum flocd of record. The March 1936 flood on the Merrimack
3asin in most cases exceeded in peak value, and definitely in volume,
any flood of record. Since volume is of primary importance, reservoir
design in the Merrimack Basin must recognize the spring flood as the
zoverning criterion. The storage provided in West Peterboro Reservoir
was found to be ample to control the 1936 flood. Althouszh a spillway
discharge of 600 c.f.s. occurs, it is sufficiently delayed not to
affect the venk reductions at damaze centers downstream. The effect
on the 1935 flood at the reservoir site is shown on Plate 25.
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DEFINITE PROJECT REPORT FOR WEST PETERBORO RESERVOIR

MERRIFACK RIV:R BASIY FLOOD CONTROL

APPENDIX B

HYDRAULIC DESIGK

1. Outlets.- In the design of the flood control outlets for
West Peterboro Reservoir, it was necessary to mrovide for two
stages of development: (1) for flood control only with snillway
crest at Elev. 946, and (2) for a possible future multiple-purnose
develonment with the flood control storaze allocation between
Flev. 959 and a raised spillway crest at Blev. 968. Consequently,
the followinz items were considered as design critecria for the
conduit and gate capacities:

2. To discharze the design outflow of 650 c.f.s.
(see paregraph 20, Appendix 4) with pool at initial
spillway crost Elev. 946 and tailwater at about Elev.
910 (controlled by the existing dom downstream).

b. To discharge a maximum of about 1,000 c.f.s.
(maximum channel capncity) for emptying purposes with
approxim-tely come headwater and tailwater elevations
as given in a.

c. In the ultimte development to discharge for

lood control approximately 1,300 acre-feet mer day,
adjusting the flood control outlet discharge to the
power dischnrge, maintaining in so far as possible a
moximum combined rate of 650 c¢.f.s. during the flood.
From prosent estimates, it appears that the discharge
from full operation of the turbines will give the
reauired discharge during the flood.

d+ To discharge, for emptying vurposes in the
ultimate develorment, about 2,000 ncre-feet ver day
with & maximun rate of 1,200 c.f.s.

2. To meet the criteria in a. and b. nbove, the capacity
of the conduit with both gates open will be 1,000 c¢.f.s. with
full peool and tailwater at 910, This requires 2 conduit area of
32.5 square feet for its length of apvroximately 400 feet and is
obtnined by a roctangular tunnel 5 feet wide and 6-1/2 feet high.
Two gates will be provided, each 3'-3" x 5'-0", The desisn dis-
charge of 650 c.f.s. =t full pool caprcity is attained with one
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gate open. (See Plate 26.) With both gates open, the discharge
at full pool is limited to 1,000 c.f.s., the capocity of the
conduit. In the ultimate develovment it was not found desirable

to reduce the ¢ate sizes of the initial development, because of

the transition required. Also, consideration of criteria c. and
d. above made it anpear unwarranted to make the gates of two
different sizes, such that the larger would give the required

650 c.f.s. in the initial stage and the smaller the same discharge
in the ultimate stage. This would have an additional objective in
preventing inter-change of the gotes in case the required gates
became inopcrative. Since the ultimate multiple-purpose reservoir
will require continuous regulation of the vower storage and,during
floods, adjustment of the flood control dischrrge to the turbine
discharge to prevent a combined outflow materially in excess of

the basic design, the criteria of o fixed ocutlet discharge is not
practicable in a conduit outlet and the required rogulation can
only ve obtained by part gate omenings. Recent data have indicated
the feasibility of part gate openings within the limits required
by this project. However, if it is necessary to open one of the
gntes nroposed for the initial develonment during the flood, the
outlet discharge will be about 800 c.f.s. and will not appreciably
reduce the resorvoir effectiveness. On the other hand, if the
flood control gatos are closed and rescrvoir discharge is limited
to the full turbine discharge, the outflow will be about 500 c.f.s.
The above considerations led {o the retention in the ultimate pro-
ject of the two equal size gates pronosed for the initial project.

3. Spillway.- The snillwav for West Peterbvoro Reservoir will
be located in the right abutment and will consist of a short approach
channel, a straight Ogee free overfall concrete weir 100 feet long,
and concrete-lined discharge chute provided with a stilling basin.
The approach channel floor will be at Elev. 941 (5 feet below the
spillway crest), widening from 100 feet at the snillway to over 200
feet at the upstream end. The discharge capacity37§ the spillway

(P1ate 23) is based on the weir formula, Q = CLH , with values
of "C" varying from 3.0 to 3.% for maximum head. The spillway dis-
charge channel is located with rcference to the rock contours and
provides a slope of anproximately 11 percent from spillway weir

toe te start of stilling basin floor and converges from 100 feet at
spillway weir crest to 75 feet in width. The channel canacity
throughout is more than sufficient to prevent backwater at the weir
and to permit flow at greater than critical velocity. Computation
of the depth of flow in the converging portion of the channel
indicnted thet the height of the side walls provided 5 to 5 feet of
freeboard against waves set u» by convergence of the channel. This
wns found adequate to prevent overtorning the spillway channel
walls on the basis of the more severe conditions of convergence
tested in the hydraulic model of the initially proposed Mountain
Broock snillway.

- B2 -

—_— - rriil Ui DU ITUW MLXiN1TuUrAL 1TOn



4, The design of the stilling basin required consideration
of the following tailwater conditions: (1) with the existing dam
downstream left intact during the initial development, and (2)
with the dam removed in the ultimate development. Furthermore, it
is not expected that the existing dam downstream could safely pass
the spillway design discharge and hence stilling basin action will
have to be obtained for a wide range of tailwater conditions. To
allow for this uncertain tailwater, it was found desirable, both
from the standpoint of economy of construction and assurance of
operation, to design the stilling basin to give the required depth
for the hydraulic jump under maximum conditions regardless of the
tailwater downstream. This was obtained by setting the end sill
crest at Elev. 900, permitting raising the stilling basin floor to
Elev, 835,and the top of the stilling basin wall at Elev. 920. The
latter will not be overtopped for any snillway flood that would not
wash out the existing downstream dam and is amply high for condi-
tions with the downstrcam dam out.

5. Tailvater Ratins Curve.- The tailwater rating curve
tPlate 27) is based on a comouted rating of the existing concrete
dam just below the proposed flood control dam. The srillway of
this dam is at Elev. 909.60 and has a length of 92.6 feet. The
concrete abutments at Elev. 913.65 have a combined length of 166
feet. The upper end of the rating curve on Plate 27 is based on
the assumption that the dam will remain in place during the entire
range of possible discharge and serves only to limit the upper pos-
sible tailwater elevation.

6. Time of Emptying.- The total time necessary to empty the
reservoir with the pool initially at Elev. 946 (spillway crest)
and a constant inflow of 5 c.f.s. per square mile (220 c.f.s.) is
17 days. (See Plate 28.) Both gates are assumed to be open, with
a total discharge canacity of 1,000 c.f.s. with reservoir at Elev.
946. It should be noted thnt 4 inches, or 60 percent of the total
storage, will be available in 7 days, and 6 inches, or nearly 90
percent of the total storage, will be available in 13 days. It is
considered that this is adequate nrotection against a vossible
second flocd.

7. ZEffect of West Peterboro Reservoir.- The effect of West
Peterboro Reservoir on the March 1935 flood, which is the severest
test flood of record, is shown on Plate 25. The inflow hydrograph
is brsed on the flood records of adjncent tributaries, with the
U. S. Geological Survey computed estimate for the peak flow at the
West Peterboro Dem. The maximum reservoir outflow during this flood
would be 1,250 c.f.s. comprising 550 c.fes. from the outlet and 600
c.f.s. over the spillway. The maximum pool clevation would bte
947.5. The cffective reduction of the 1936 flood at downstream




damase centers is reflected in the discharge reduction on March
19th, and on this date the reservoir would be discharging the
design discharge of 650 c¢.f.s. This would result in a reduction
on the Nubanusit Brook through the town of Peterboro from 4,500
c.f.s, to about 900 c.f.s. The flood on the Contoocook River in
lower Peterboro (without the proposed Mountain Brook Reservoir)
will be roduced from 9,000 c.f.s. to approximately 6,450 c.f.s.
Diminishing rcductions will be rcalized downstream in Bennington
and Hillsboro. Similar rcductions would be obtained for the 1938
flood, for althoush the poak flows were slightly higher than the
1936 flood, it was a sinzle-peak flood ahd the proposed rescrvoir
could control the 1938 flood without snillway discharge., The 1938
flow in lower Pcterboro would be reduced from 10,400 c.f.s. to
about 7,300 c.f.s.
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DEFINITE PROJECT REPORT FOR WEST PETERBORO RESERVOIR

MERRIMACK RIVER BASIN FLOOD CONTROL

APPENDIX C

GEOCLOGY AND SCIL DATA

1. Description of Dam Site.- The West Peterboro dam site is
located approximately 1/2 mile north of West Peterboro, New Hamp-
shire, and approximately 1,000 feet upstream from the existing
concrete dam across Nubanusit Brook. (See Plates 2 and 4,) At the
site, the valley is constricted by hills which rise abruptly from
the edge of the stream to give the region moderate relief., The rock
at the site slopes generally eastward so that the present channel of
Xubanusit Brook is located high on the west wall of the preglacial
valley. The hills forming the abutments are composed largely of
glacial till overlying variable deposits of glacial outwash and
disintegrated mica schist. The valley bottom at the site is at pre-
sent occupied by water impounded behind the existing concrete dam
and has been filled with glacial and aqueo-glacial deposits underlying
recont river dedris.

2. IExploration at Dem Site.~ The exploration of the foundation
for the dam and appurtenant structures included the preliminary
determination of bedrock elevations by 8 seismic lines and the drill-
ing of 21 holes, The bedrock at drill holes D-14, D-19 to D-22,
inclusive, were pressure tested to a depth of 40 feet. The location
and extent of the exploration are shown on Plate Y.

3« Overburden and Rock Conditions.- The classification of the
overburden and bedrock at each drill hole in the exploration is shown
on Plate 5. The overburden in the left abutment is a very compact,
impervious, silty glacial till which extends nearly to bedrock. A
thin stratum of relatively pervious, variable silty sand and gravel
immediately overlies the bedrock under the left abutment, and between
this stratum and the overlying impervious till a deposit of laminated
clayey sand and silt occurs having a thickness of 10 to 20 feet, The
overburden in the stream bed is generally from 15 to 35 feet in depth
and consists of recent, river-washed, variable sand and gravel under-
lain by laminated, variable clayey sand and silt with a thin deposit
of variable sand and gravel resting on the bedrock, The latter two
materials are extensions of the same strata found under the left
abutment. The silty sand and gravel stratum is at the surface in the
vicinity of D-1Y4 and D=-23., The general geologic conditions described
in the foregoing arec illustrated on the profile through the embankment
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centerline shown on Plate 6. Typicel grain-size curves of the ma~-
terial, except for the variable silty sand and gravel adjacent to
the rock surface, are shown in Plate 7. It is estimated that the
coefficient of permeability of the compact till and the laminated

clayey sand and silt is about .0001x10~ cm/sec, and that for the

veriable sand and gravel stratum, 1x10™ ' cm/sec. It is believed
that the till possesses ample shearing strength for any earth
embankmcnt design. The shearing strength of the laminated clayey
sand and silt is probably sufficient for a normal desiegn.

Y. The overburden in the right abutment is in general from
10 to U5 feet in depth and is composed of variable material. In
general, a thick deposit of compact, silty till is found overlying
deposits of laminated, clayey, fine sand and silt and deposits of
variable silty sand and gravel. Upstream from the proposed center-
line, in the vicinity of D~22 and D-23, the compact till overlies
soft, disintegrated mica schist and sand which rests on bedrock and
which varies in thickness from 5 to nearly 20 feet. Typical grain-
size curves other than for the disintcgrated schist are shown on
Plate 8, It is cstimated that the coefficient of permeability of

the compact, silty till is ,001x10~Y cm/sec, and for the varisble
silty and gravelly sand end disintegrated schist, from ,001x10™

to 10x10™ ' em/sec.

5. Bedrock is not accessible in the left abutment tut is at
a depth from 10 to Y5 feet in the right sbutment as shown by the rock
contours on Plate Y, The bedrock in general is a variable soft
schist which is considerably fractured and weathorcd alonz numerous
seams., Pressure pumping tests in five of the drill holes located on
the right abutment, under pressures varying fron 30 to 45 1bs. per
sqs inch and for depths of about U0 feet, showed losses ranging from
.06 to 2.6 gallons per ninute.

6. Borrow Materigls.- Exploration to locate suitable materials
for the dam embankment, besides the drilling in the structure excava~
tion areas, consisted of excavation and sampling of 29 test pits and
examination of all exposed faces of natural overburden in the vicinity.

7. Suitable impervious and random materials are available from
the excavations for the spillway approach and discharge channels.
Sand containing a small percentage of fine gravel is available for
fine filter and shell material from a deposit about 3/4 mile from the
site. Rock for the outer sections of the embankment is available
from the structure eoxcavations, Investigations to develop deposits
of sand and gravel which are both suitable and sufficient for the
production of concrete coarse aggregates and gravel for filterc are
not complete, but it is believed that such deposits can be located
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within 7 miles of the site. If necessary, these materials can be
obtained from commercially developed sources near Keene, New Hamp-
shire, approximately 21 miles from the dam site.

a. Impervious Material.- The impervious material
available from the structure excavations is a well-
graded, very silty sand and gravel glacial till. The
material in general is about 20 feet deep, overlying
variable deposits of sand and silt which will be usecd as
random material., Typical grain-size curves of samples
arc shown on Plate 8. It is estimated that the material
when compacted will have a coefficient of permeability

from 0.00IxIO'n to .OlJth")4 cm/sec. and an angle of
internal friction of 28 degrees with 0.20 ton per square
foot cohesion.

b. Random Material.- The random material from the
splllway excavation is variable, ranging from uniform
sandy silt to slightly gravelly sand and soft, disinte-
grated schist., This material, except the soft,
disintegrated sehist which will be wasted, will be used
in the random fill scetion of the dem. The material in
gencral underlies the well-graded impervious material.
Typical grain-size curves of samvles taken fron the de-
posit are shown on Plate 8., It is estimated that the
natorial when placed in thc embankment will have a

coefficient of permeability varying fron O.lelO‘u to

10510~% cn/sec. and an angle of intornal friction of 36
degrees.

c. Sand for Filters and Shell.- The awailabdle
material for sand filters and shell is a slightly
gravelly fine to coarse sand. The nearest deposits of
this material are located within a hauling distance of

3/4 of a mile from the dam site,

d. The rock for the outer embankment sections

available from structure excavation ie a soft, badly
fractured schist,
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DEFINITE PROJECT REPORT FOR WEST PETERBORC RESERVOIR

MERRIMACX RIVER BASIN FLOCD CONTROL

APPENDIX D

SEILECTION OF STRUCTURES

1. Selection of Type and Arrangemeat of Structures.- As shown
on Plate U, the entire reach of the narrow norticn of the Nubanusit
Brook valley extending from the existing dam to a section approxi-
mately 1,700 feet upstream has been explored to a greater or less
extent to develop the most economical location for the construction
of the West Peterboro Dam. Lay-outs and estimates have been prepared
of dams emmloying an arrangement of structures similar to that
adopted and shown herein at several locations in this reach. In addi-
tion, estimates have becn made of alternate types of dams, viz., a
concrete dam, an earth dam with a side channel spillway, and an earth
dam with the spillway cut through o remote saddle on the reservoir
rim. The tyne and location of dam selected are thec most economical
and are believed to be the best adapted to the geologicol conditions
of the site. Further, the selected location of the dam avoids inter-
ference with the existing industrial development on the strean.

2. Description of Initial Structures.- The nain retaining
section of the initial dam will be an earth embankment having a crest
length of 950 fect and maximum height of 65 feet. (See Plate 3.)

The spillway will bc located on the right abutment adjacent to the
embankment and separated therefrom by a concrete retaining wall
designed for future raising and founded on bedrock throughout.
Approach and discharge channels will be cut through earth and rock.
The floor of the discharge channel lies entirely within rock and will
be paved with concrete from the weir to the end of the stilling

basin and suitable side walls or lining sections of concrete placed
against the rock will be provided for the channel within the same
limits. The weir will have a crest length of 100 fect and o design
surcharge of about 16 foet. The single flood control conduit and an
oversized conduit which will provide amrle room for the future
installation of a 9-foot diameter steel pressure venstock for develop-
ment of power at the site will be locaied through the earth embankment
and will be founded on bedrock of the right abutment. A common

intake structure for these conduits will be located at the upstream
toe of the dam which will house two gates, each 3'-3" x §'-0", for
flood control regulation and, in the future, one gate, 6'-6" x 10'-0",
for the power penstock.
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3. The economics of the arrangement of structures is apparent
in the fact that materials excavated from the spillway are suitable
and sufficient for fill in the impervious and random fill sections
of the embankment. Rock from structure excavation is available in
sufficient quantities to provide ample protection of the upstream slope
and the downstream toe of the embankment and the river bvanks in the
vicinity of the spillway discharge channel. It is planned to divert
the river through the penstock instead of the flood control outlets
in order to utilize the larger area of the penstock and to enable
placing the major nortion of materials from structure excavation
directly in the embankment. This plan will require comnletion of the
conduits and excavation of a channel from the end of the power conduit
to the river prior to cofferdam construction in the river and excava-
tion for the spillway.

4. Descrivtion of Possible Ultimate Construction.- The ultimate
multiple-purpose develorment of the reservoir to a spillway elevation
of 968 will reqnire alterations in the dam consisting principally of
the construction of a concrete weir in the spillway channel 22 feet
above the initial weir crest, raising the embankment retaining wall
varying amounts up to 19 feet, for which provision will be made in the
initial construction by the installation of a wide base wall, and
raising and widening the earth embankment. Other alterations involve
raising the intake structure and reconstruction of the service bridge
from this structure to the top of the embaniment. For development of
power at the site, commletion of the nenstock provisions will be
required consisting of the installation of the penstock, head-gate,
and trash-racks.

5. Preliminary Desiun of Initial Embanlment.- RBased on the
preliminary investigations of borrow materials and the embankment
foundation, as described in the foregoing parazraphs, a itentative
design of the initial embankment for thc dam has been prepared as
shown on Plate 3. The embankment will be provided with impervious
and random sections, upstream rock blanket, and drainage features as
described in the following paragraphs:

a. Impervious Features.- The main body of the
embankment will consist of commacted impervious fill
selected from the spillway excavation and corregpond-
ing to the material describded in paragranh fa. of
Appendix C. A cut-off trench to bedrock will be pro-
vided in the right abutment and in a portion of the
stream bed to prevent excess seenage in these regions
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through deposits of silty sand and gravel. Bedrock
exposed in the excavation of the cut-off %rench will
be pressure grouted.

b. Random Section.- The downstream section of
the embankment between the impervious fill and the
shell will consist of random material described in
paragraph 7b. of Appendix C. This material is slichtly
more pervious than the impervious fill material but
is extremely variable.

c. Pervious Features.- Upstream and downstream
shell sections of slightly gravelly sand will flank
the impervious and random fill portions of the embank-
ment. The upstream shell will be provided further with
a gravel layer separating the sand section from the
outer rocx fill.

d. TFoundation Drainage Features.- Tc centrol the
seepage which will pass through the silty sand and
gravel layer next to the rock surface beyond the limit
where it is practical to construct a cut—off to the
rock surface, a drainage trench will be excavated into
this relatively pervious stratum and backfilled with
sand and screencd gravel. As an additicnal precaution
to insure against piping, drainage wells will be pro-
vided under the downstream section which tan the under-
lying relatively nervious layer of silty sand and
gravel.

e. Slopc Protection.- The upstream slope of the
dam will be protvected with rock fill. The downstrcam
slope will be provided with a sod surface, except that
the toe of the slope will be protected with rock fill
against possible eddies from a spiliway discharge.

6. Ultimate Embankment Design.- The general design of the
embankment for the ultimate development of the reservoir is shown
in outline form on Plate 3. The princival materials required for
enlerging the embankment to an increased height of 19 feet will be
obtained from borrow pits located within 3/4 of a mile of the site
and will consist of well-graded, very silty sand and gravel, glacial
till for extension of the impervious section, and slightly gravelly
sand for the downstream portion of the embankment. These matecrials
correspond to those descrided in paracrarhs 7a. and 7c. of Arpendix
C, respectively. The drainage featurcs installed in the initial
construction will be made to scrve for the ultimate development by
constructing drainage outlets to the extended toe of the embankment.
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DEFINITE PROJECT REPORT FOR WEST PETERBORO RESERVCIR

MERRIMACKX RIVER BASIN FLOOD CONTROL

APPENDIX E

POSSIBILITIES FOR COWSERVATION STORAGE AND POWER DEVELOPMENT

1, Studies have been undertaken to determine the feasibility
of obtaining storage capacity over that required for flood control
and for possible development of the 166 feet of gross power head
available at the West Peterboro dam site. These studies indicate
that 33,000 acre-feet is the optimum additional capacity. This
additional amount can be obtained by raising the dam and spillway
22 feet. The requisite flood control storage capacity of 16,000
acre-fect (or 6.8 inches) can be provided between elevations 959
and 968, the new spillway crest. The storage below Elev. 959,
33,000 acre-feet, can then be made avoilable in the interests of
power and conservation (see Plate 9).

2. Pertinent data concerning the possible multiple-purposec
development of West Petorboro are summarized below:

Spillway crest clevation . . . . . . . 968 fect above M.S.L.
Maximum power pool elevation . . . .. ~ g9 n "
Tailwater elevation . . . . . . . . . 793 " U
Total storage capacity . . . . . . . . U49,000 acre-feet
Flood control storage capacity . . . . 16,000 "
Power storage capacity . . . . . . . . 27,000 n
Dead storage capacity . . . . ... . 6,000 " "
Length of Rwstecw =~ - - - . 4,000 feet q'aia 1o head loss
Regulated minimum flow . . . . . . . . 56 c.f.s. 380 CE.s,
Maximum gross head . . . . . . . . . . 166 feet ISC e
Capacity of power installation . . . . 4,000 kw. Ave o KW

: . . .19 | F
3. Estimated Cost.- Development of the reservoir to the e ="

possible second stage outlined above would involve the acquisition
of an additional reservoir area of 1,040 acres, including the land
and buildings of the summer camp of the Sargent School of Physical
Education of Boston University. This camp is an important educa-
tional development of considerable value. The relocation of an
additional 5.6 miles of highway would also be required. In
addition, it would be necessary to acquire the water rights of the
existing 1,000-horsepower industrial installation just below the
proposed West Petcrboro site, The principal items of construction

- El -



involved are raising the spillway weir, the embankment wall and
the embankment 22 feet, raising the control shaft of the outlet,
construction of a bridge from the embankment to the control shaft,
reducing the size of the flood control gates, raising the penstock
intake structure, construction of a bridge to the intake, and the
installation of gates, steel pressure penstock and power house.
The estimated cost of the possidble second-stage development,
exclusive of the first-stage costs for flood control (see Appendix
F) is as follows:

Dam and reservoir + . + « « . . . . . . $ 676,000

Lands and rights-of-way . . . . . . . . 589, 000
Power installation . . . . . . . . .. 567,000

Total additional cost for power
development . . $1,832,000

The annual carrying charges on the above costs are estimated at

$95, 000,

4., Prospective Bencfits of Multiple-Purpose Development.- The
existing power developments below West Peterboro, totalling 375 feet
of developed hcad, will benefit from the operation of the West
Peterboro storage by increased low-water flow to the extent of
3,900,000 kw-hrs. annually., There are potcntial power sites at Long
Falls and Penacook on the Contoocook which also would be enhanced by
the operation of the power storage at West Peterboro, but no allow-
ance has been made for these possible benefits in this analysis.

The dependable capacity of the power development at the West Peter-
boro site would be 4,000 kw., giving an average annual energy output
of 6,400,000 kw-hrs. Using pover values formulated by the Federal
Power Commission, namely $17.50 per kw. of dependable capacity and
2 mills per kw-hr. of energy output, the annual power benefits are
$82,800 at the site and $28,800 at the existing downstream develop~
ments on the Contoocook and Merrimack Rivers computed as follows:

a. Benefits at the site:

Dependable capacity, 4,000 kw, at $17.50 . . $ 70,000
Average annual energy output -
6,400,000 kw-hrs. at 2 mills . . . . 12,800

b. Benefits to existing power developments below
reservoir:

Increase in prime pesking capacity -

1,200 kw, at $17.50 . . . . . . . . 21,000
Increase in average annual output -

3,900,000 kw~hrs, at 2 mills . . . . {,800

Total power benefits . . . . . « . . . . $111,600

- T2 -



5. Conclusions.- The rrospective power benefits that
would result from a second-stage development of West Peterboro
Reservoir for couservation storage and power purposes would
exceed the additional costs; giving a ratio of bencfits to costs
of 1.17. It is concluded that this prospective benefit is
sufficient to warrant making provision in the initial construc-

tion to facilitate the ultimate development of the reservoir for
multiple~purpose use.
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DEFINITE PROJZCT REPORT FCR WEST PETERBORO RESERVOIR

MERRIMNACK RIVER BASIN FLOOD CONTROL

APPENDIX F

DETAILED ESTIMATE OF COSTS

1. The estimated costs of the proposed West Peterboro Res-
ervoir for flood control purposes (spillway 1ip Blev. 946) with
provisions for possible future conservation storage and power
development are as follows:

I, RESERVOIR COSTS

Quantity Unit Price Total Cost

Land e @ & e+ o 2 0 5 ¢ & o o o lu.lnp sum - $ )4'0 [} OOO
Buildings « o o ¢ o o o o o lump sum - 40,000
Power, telephone & telegraph . lump sum - 4,000
Highways LI S I D S S L Y 1.5 mi. - )'1'0’ 000
Sub-Total -~ Reservoir Costs $ 124,000
Engineering, Appraisals, Overhead & Contingencies (25%) 31,000
TOTAL RESERVOIR COSTS $ 155,000

I1I. CONSTRUCTION COSTS
(a) Dam, Svillwsy & Outlets

Stream diversion & pumping lump sum - $ 15,000
Clearing and grubbing. . . » lump sum - 64500
Stripping . . . . . . .. . 52,000 c.y. $ 0.U45 27,400
Excavation - common . . . « 306,000 c.y. 0.40 122,400

" -rock . . .. . L8000 c.y. 2.00 96,000
Borrow - pervious . . . . o 145,000 c.y. 0.45 20,250
Sand for filters . . . . . . 800 c.y. 2,00 1,600
Gravel for filters & backing 6,700 coye 2.00 13,400
Structural backfill . . . . 13,000 c.y. 0.30 345900
Rolled fill . . . . « .+ . » 210,000 c.y. 0.12 25,200
Rock £ill (dumped) . « « « « 55,000 c.y. 0.50 27,4500
Derrick stome + ¢ o« & o o« & 4,500 c.y. 3.25 14,625
Drilling holes for grouting 7,000 1.1, 1.25 34750
Pressure grouting . . . . . 34000 c.f. 1.25 3,750
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II. CONSTRUCTION COSTS (conti

(a) Dam, Spillway & Outlets (continued)

nued)

Quantity Unit Price Total Cost
Line drilling « « o o « o + . 2,000 s.fe $ 0,90 § 1,800
Concrete - conduits . « . .+ & 1,910 c.y. 16.50 31,515
" - walls and weir . . 13,500 c.y. 12.00 162,000
" - gate structures . 1,600 c.y. 16.50 26,400
" - spillway slab . , 4,800 c.y. 10.00 4g,000
Reinforcing steel . . . . . . 600,000 1b. 0.05 30,000
Trash bars (installed) . . . lump sum - 2,000
Gates, guides, hoists (in-
stalled) . » lump sum - 6,500
Crane . « v« . . . .. ... lump sum - 1,500
Operating superstructure . . lump sum - 5,000
Bridge, including pier . . lump sum - 5,000
Drainwells . » . + « . . . . lump sum - 10,000
Seeded topsoil e 4 e o e s lunp sum - 6,500
Access road + s 4 4 0 4 4 o4 lump sum - 10,000
Miscellaneous . o« o « « o o o lump sun - 14,510
TOTAL - DAM, SPILLWAY & OUTLETS $ 738,000
(v) Reservoir Clearing lump sum - 14,000
Sub-Total - Construction Costs $ 752,000
Engineering, Inspection, Overhead & Contingencies j}S%&J 263,000
TOTAL ~ CONSTRUCTION COSTS $1,015,000
TOTAL ESTIMATED COST $1,170,000

2. The annual carrying charges on the above costs computed
with interest rates at 3-1/2% amortization of fixed parts in 50
years and movable parts in 25 years, and allowing $4,000 annually
for operation and maintenance are $54,100,
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APPENDIX G

INDEX TO PLATES

Merrimaclk River Basin - Massachusetts and New Hampshire
West Peterboro Reservoir

General Plan and Sections

Plan of Exploration

Record of Foundation Exploration

Geological Profile on Centerline of Dam

Grain-size Curve - Left Abutment and Valley Bottom
Grain-size Curve - Right Abutment

Arca-Capacity Curves

Basin Characteristics

Nubanusit Brook - Precipitation and Gaging Stations
Analysis of the 1938 Flood at the South 3ranch Ashuelot River
Analysis of the 19358 Flood at Otter Brook

Distribution Graphs

Inflow Unit Hydrograph - Corputed Spillway Flood
Dopth-Area Curves of Maximum Rainfall

Rainfall Data for Spillway Design

Computed Spillway Flood - Summcr-Fall Conditions

Computed Svillway Flood - Inflow-Outflow-Stage Hydrographs
Winter-Spring Flood - Inflow-Outflow-Stago Eydrographs
Percont of Basic Flood vs., Peak Flows and Pool Elevation
Comparison of Hypothetical Hydrographs for Spillway Desizn Flood
Snillway Rating Curve

Flood Discharges - Northeastorn United States

Effcet on 1936 ¥lood

Outlet Rating Curve

Tailwater Rating Curve

Time to Empty Rescrvoir

Inflow Unit Hydrographs - Svillway Design Flood

Spillway Design Flood - Inflow-Outflow-Stoge Hydrographs
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